Introduction
Researchers agree that boredom is a subjectively unpleasant state arising in situations construed as monotonous (e.g., Martin et al. 2006; Mikulas and Vodanovich 1993) . however, it is not clear whether boredom should be 1960; london et al. 1972 lundberg et al. 1993 Ohsuga et al. 2001) . some argue that the definition of boredom should include the experience of both high and low arousal, wherein the bored individual experiences either agitation or lethargy (Eastwood et al. 2013; Fahlman et al. 2013) . Interestingly, support for this notion may come from lacey 's (1959, 1970) directional fractionation of autonomic response hypothesis. this hypothesis posits that the pattern of heart rate (hR) and skin conductance level (scl) responses should vary with internal and external demands for attention. More specifically, when attention is focused externally, hR and scl should both decrease, whereas when attention wanes or is focused internally, hR should increase and scl should decrease. For our purposes, one might expect to see an increase in hR and concomitant decrease in scl if boredom is associated with inattention and mind wandering (e.g., an internal focus of attention), whereas decreases in both hR and scl would be expected if boredom is associated with an external focus of attention. this line of reasoning could also help account for discrepant findings in the literature regarding boredom and physiological arousal.
One reason for the inconsistency in psychophysiological research is that most studies have not elicited boredom per se, but have explored boredom as a secondary consequence of tasks designed as controls for interest-eliciting tasks. In these studies, the tasks were not equated across a number of important characteristics, making meaningful comparisons between them difficult (e.g., london et al. 1972) . thus, firm conclusions could not be drawn as differences (either affective or physiological) could be attributed to a number of differences between the tasks that were unrelated to participants' affective state. Given that boredom and depression are highly correlated, a more useful comparison would be to examine differences between boredom and other more closely related states, such as depression (i.e., a negative affective control). Indeed, boredom is associated with depression, and both boredom and depression often co-occur in the aftermath of traumatic brain injury (tBI; e.g., Goldberg et al. 2011; Goldberg and Danckert 2013; Vodanovich et al. 1991 Vodanovich et al. , 2003 . Indeed, two-thirds of tBI patients report problems with boredom, which may impede engagement in rehabilitation (seel and Kreutzer 2003) . While boredom and depression have been shown to be highly correlated (Goldberg et al. 2011; Goldberg and Danckert 2013) , therapeutic attempts to alleviate patients' emotional distress focus primarily on depression (Passik 2003; Passik et al. 2003; theobald et al. 2003) , neglecting boredom altogether. In addition, boredom proneness has consistently been associated with a range of risk-taking behaviors, including problem gambling, drug, and alcohol abuse (Blaszczynski et al. 1990; lee et al. 2007; lePera 2011; Mercer and Eastwood 2010) . thus, improving our understanding of boredom will have practical applications in helping clinicians better recognize and address its expression in a range of neurological and psychiatric conditions. Whereas depression is a complex, heterogeneous syndrome that cannot be experimentally induced, sadness represents a hallmark symptom that can be reliably elicited in the lab, where psychophysiological characteristics can be measured (e.g., Gross and levenson 1995) . Recent research comparing self-reports of the experiences of boredom and sadness has suggested that boredom is an experience that is distinct from sadness, which is considered a prototypical general negative affective state (Fahlman et al. 2009 ; Van tilberg and Igou 2012; see also Goldberg et al. 2011 which distinguished boredom more broadly from depression). to our knowledge, however, no previous research has experimentally induced both boredom and a similarly valenced affective state (e.g., sadness) in order to directly compare the experiences. thus, the current study elicited state boredom and state sadness and compared their psychophysiological responses. We had participants view previously validated videos that induced boredom or sadness (appendix 1), while hR, scl, and cortisol levels were measured. the purpose of this study was to determine whether state boredom demonstrated a distinct psychophysiological signature that could be distinguished from affective states of interest and sadness. Given that boredom and depression have been shown to be distinct affective constructs (Fahlman et al. 2009; Goldberg et al. 2011; Van tilberg and Igou 2012) , it was hypothesized that boredom would also be distinguishable from sadness in terms of both psychophysiology and self-reports of affect; however, any hypotheses regarding differences between boredom and sadness were necessarily speculative at this stage.
Method
Participants seventy-two undergraduates (44 women, M = 18.93, sD = 1.35) from the University of Waterloo participated in exchange for course credit. all participants had normal or corrected-to-normal hearing and vision. Participants were selected based on their scores on the Boredom Proneness scale (BPs; Farmer and sundberg 1986) and the Beck Depression Inventory II (BDI-II; Beck et al. 1996) . Participants were selected from larger pool of participants (n = 2,563) who completed a battery of pre-screening questionnaires (completed 3-20 days prior to participating) and were eligible to participate if their total score on the BPs fell within one standard deviation of the mean of the larger pool of potential participants (M = 99.18, sD = 17.84) and their total score on the BDI-II was less than 19 (Beck et al. 1996) . We were interested in how boredom manifests in healthy individuals and thus excluded participants with high scores on both of these measures. all procedures received approval from the Office of Research Ethics at the University of Waterloo and were in accordance with the Declaration of helsinki.
self-report measures
Boredom the BPs (Farmer and sundberg 1986) assesses an individual's propensity for boredom. Participants rated their agreement with statements on a seven-point likert scale. Responses were summed to obtain a score ranging from 28 to 196, with higher scores reflecting greater boredom proneness (sommers and Vodanovich 2000; Vodanovich et al. 1991; Watt and Vodanovich 1992) .
Depression
the Beck Depression Inventory-II (Beck et al. 1996) assesses the presence and severity of depressive symptoms. In samples of individuals with a clinical diagnosis of depression, scores ranging from 0 to 13 reflect minimal levels of depression, 14-19 reflect mild levels, 20-28 reflect moderate levels, and 29-63 reflect severe levels (Beck et al. 1996) .
State affect
the state affect (sa) questionnaire (appendix 2), consisting of 24 emotion terms derived from the Positive and Negative affect scale (PaNas; Watson et al. 1988) , was used to assess general state affect (Ekman et al. 1980; Gross and levenson 1995; Philippot 1993) . Participants endorsed each emotion relative to how they felt at the beginning of the study and after watching each film on an eight-point likert scale. all self-reports of state affect were taken at the end of each epoch of interest. that is, measures of state affect were administered at the end of the baseline period and immediately after each mood induction video. at baseline, participants were asked to rate their current affect, while after each mood induction video, participants were asked to indicate the greatest amount of each emotion they felt while watching the previous video.
apparatus

Mood induction
three 233-second-long videos were shown to participants on a 35-inch color television. the boring video was created for this study and portrayed two men hanging laundry, occasionally asking each other for a peg. We validated this clip in a separate study of 48 participants (mean age 21.5 years; 33 female) to ensure the video reliably induced feelings of boredom (appendix 1. For three different lengths of the clip (171, 233, and 341 s), participants endorsed feeling bored more than any other emotion (as measured by the state affect questionnaire used here; appendix 2. Based on Gross and levenson's (1995) work, to induce sadness, we used a clip from the movie The Champ, portraying a young boy grieving his father's death (lovell and Zeffirelli 1979) . a third clip, intended to be "neutral," involved an excerpt from the BBc documentary, Planet Earth (Fothergill et al. 2007) showing exotic animals and landscapes. this video increased self-reported interest rather than inducing a neutral affective state. Nevertheless, we reasoned that interest would be useful to examine alongside sadness and boredom. as such, the "neutral" epoch will henceforth be referred to as the "interesting" epoch.
Psychophysiological equipment
We monitored hR and scl using equipment and software designed by the James long company, using the dataacquisition program snap-Master™ for Windows.
Heart rate (HR)
heart rate (hR) was recorded via two resting, conductive adhesive electrodes placed laterally on the torso. a third reference electrode was placed on the midline at mid-sternum level. artifacts (e.g., body movements coded as R-waves) were corrected manually off-line. hR values (R-waves per minute) were calculated on a second-by-second basis.
Skin conductance levels (SCL)
skin conductance levels (scl) were measured by two silver/silver chloride electrodes, placed on palmar side of the third and fourth fingers of individuals' non-dominant hand. scl were averaged over one-second intervals, reported in microsiemens (μs).
hR and scl were measured continuously throughout the experiment. Epochs of interest were defined manually for later analysis.
Cortisol
Four saliva samples were collected using the sarstedt "salivette" device, consisting of a cotton swab in a capped tube. Participants chewed the swab for 1 min before placing it in the tube. tubes were stored at −20 °c before being sent off-site for biochemical analysis. Free salivary cortisol levels were measured by a radioimmunoassay (RIa) with a scintillation proximity assay (sPa; amersham Biosciences Europe, Freiburg, Germany). the lower detection limit of the assay is 150 pg/ml. Inter-assay and intra-assay coefficients of variance were .5. Results are reported in nanomols per liter (nmol/l). Procedure after washing their hands using water only, hR and scl electrodes were attached. Participants then sat in a comfortable chair, eyes closed, for 3 min to establish baseline physiological responses. a cortisol sample was obtained after baseline, and participants filled out the self-report state affect measure (sa). Next, participants watched three videos. the boring or sad video was shown first (counterbalanced) followed by the interesting video. the third video was either sad or boring, depending on which video came first (counterbalanced). Immediately after viewing each video, a cortisol sample was collected and the sa measure administered, for a total of four cortisol samples and four sa measures corresponding to each epoch (i.e., baseline, boring, interesting, and sad; Fig. 1 ). although carryover effects may be a concern with repeated-measures designs, counterbalancing the order of presentation of the boring and sad videos ensured that carryover effects, where present, would be equivalent for those videos (our main comparison of interest).
Results
Where violations of homoscedasticity were detected, Greenhouse-Geisser corrections were applied to the degrees of freedom.
Mood induction
Repeated-measures aNOVas with post hoc comparisons were performed as manipulation checks to ensure that appropriate target emotions were elicited by each video in the current sample (table 1) .
Results indicated that boredom was most strongly endorsed for the boring clip (M boredom = 5.54, sD = 2.37; F(3,224) = 79.73, p < .001) and sadness for the sad clip (M sadness = 5.10, sD = 1.85; F(3 224) = 177.58, p's < .001). thus, each video reliably induced the target emotion (table 1) . Participants endorsed feelings of interest both at baseline (M = 5.60, sD = 1.65) and during the interesting video (M = 5.93, sD = 1.50); however, Fig. 1 participants also reported feeling significantly more nervous at baseline than during other videos (M = 2.09, sD = 1.93, F(3,224) = 18.41, p < .001).
heart rate table 2 shows data for heart rate, scl, and cortisol levels across each epoch. Repeated-measures aNOVa (with Greenhouse-Geisser corrections), with epoch as the within-subjects factor and mean hR as the dependent variable, indicated a main effect of epoch, F(2.3,100.5) = 17.53, p < .001, η 2 = .29, such that hR was highest during baseline relative to all other epochs (baseline M = 75.20 ± sD = 10.78; all t's > 2.84, all p's < .001). Mean hR during the boring epoch trended toward being higher than during the interesting epoch (for boredom M = 72.73 ± sD = 9.82; for interest M = 71.74 ± sD = 9.52, t(45) = 1.53, p = .13) and the sad epoch (for sadness M = 71.84 ± sD = 9.77; t(45) = 1.50, p = .14). Mean hR during the sad and interesting epochs did not differ, t(44) = .24, p = .81 (Fig. 2) .
Next, data from each epoch were divided into 30-s bins and compared across all four epochs using repeated-measures aNOVa with Greenhouse-Geisser corrections. Main effects of epoch and interval were subsumed by a significant interaction, F(8.5, 349.6) = 3.85, p < .001, η 2 = .09. time-series linear regression analyses were conducted for each epoch with slope values being significant for the baseline and boring epochs only. that is, for both the baseline (r 2 = .31, F(1 177) = 79.46, p < .001; β = .56, t = 8.91, p < .001) and boring epochs (r 2 = .05, F(1 231) = 12.25, p < .001; β = .22, t = 3.50, p < .01), there was a significant increase in hR over time. Regression analyses for the sad and interesting epochs were not significant (table 3 shows regression coefficients for heart rate and scl across each epoch).
Using Pearson correlations, a significant positive association was found between BPs scores and mean hR during the boring epoch (r = .33, p = .03; Fig. 3 ). this indicates that those reporting a higher level of trait boredom proneness were also likely to have higher hR when induced into a state of boredom. No other correlations between any of the self-report and physiological measures during the mood inductions were significant. to explore this further, the sample was split into higher boredom-prone (hBP) and lower boredom-prone (lBP) groups (even though this group was drawn from a "normal" range of BPs scores) using a median split of BPs scores (median = 95.0). When split in this way, a significant mean difference emerged in hR during the boring video induction only, such that the hBP group had a significantly higher hR than the lBP group (M hBP = 75.67, M lBP = 70.05, t = 2.03, p < .05). No significant differences in hR between the hBP and lBP groups were observed for any other epoch. although hBP individuals demonstrated higher hR than lBP individuals (we used the terms "higher" and "lower" as opposed to "high" and "low" since all participants reported normal levels of boredom proneness) during the boring video, the groups did not differ on their levels of self-reported state boredom during that time [M (higher) = 5.4, sD = 2.4; M (lower) = 5.2, sD = 2.6; t = .33, p = .74].
skin conductance a Greenhouse-Geisser-corrected repeated-measures aNOVa with epoch as the within-subjects factor and mean scl during each epoch as the dependent variable revealed a significant main effect of epoch, F(1.7,75.4) = 64.64, p < .001, η 2 = .59. Multiple comparisons indicated that scl during baseline was significantly lower than all other epochs (baseline M = 6.30 ± sD = 2.75; all t's > 8.48, all p's < .001). Mean scl was significantly lower during the boring versus both the interesting (boring M = 8.57 ± sD = 3.45; interesting M = 9.21 ± sD = 8.32; t(46) = 2.11, p = .04) and sad epochs (sadness M = 9.66 ± sD = 4.44; t(45) = 4.08, p < .001). Finally, mean scl during the sad epoch was significantly higher than during the interesting epoch, t(45) = 2.82, p = .01 (Fig. 2) .
Next, means of 30-s intervals were compared across all four epochs. Main effects of epoch and interval were subsumed by a significant interaction, F(2.9 126.2) = 15.97, p < .001, η 2 = .27, indicating that scl during the interesting epoch decreased over time more so than for any other epoch. time-series linear regressions were significant for each epoch such that scl decreased systematically over time in each epoch.
cortisol
Research shows that salivary cortisol levels peak between 5 and 20 min after onset of a stressful event (Kirschbaum and hellhammer 1989). to account for the time required to detect changes in cortisol levels (de Weerth et al. 2003) , we analyzed the cortisol samples taken approximately 10 min after having watched either of the two mood inductions (i.e., sad vs. boring). thus, to assess changes in cortisol levels relative to the boredom induction, we examined cortisol samples taken only from those participants who viewed the boring video first and examined the sample taken after the end of the ensuing interesting epoch. this allowed for approximately 10 min to have elapsed from the end of their viewing of the boring video and gave us a sample of 34 participants. similarly, changes in cortisol as a consequence of our sadness induction were taken from participants who first viewed the sad video, and the sample used was drawn after they had then viewed the subsequent interesting video. this gave us a sample of 34 participants from which to measure the effects of a sadness induction on cortisol.
Repeated-measures aNOVa (with Greenhouse-Geisser corrections), with epoch (baseline; boredom; sadness) as the between-subjects factor and mean cortisol level as the dependent variable, indicated a significant main effect of epoch, F(1.7,55.8) = 5.50, p = .01, η 2 = .08. Multiple comparisons revealed that cortisol levels during the boring induction and baseline periods were not significantly different, (baseline M = 14.25 ± sD = 12.36; boring M = 13.39 ± sD = 8.90, t(33) = .66, p = .51). however, cortisol levels for the boring and baseline epochs were significantly higher than those observed after the sadness induction (sadness M = 11.04 ± sD = 8.02; all t's > 2.28, all p's < .03; Fig. 2 ). 
Discussion
We examined the psychophysiological signature of boredom in order to distinguish it from sadness-a hallmark symptom of depression-and to determine whether boredom is best characterized a high arousal (e.g., restless, agitated) or low arousal (e.g., apathetic, unmotivated) state. Results indicated that participants' physiological responses during the boring, sad, and interesting epochs were associated with lower mean hRs, lower cortisol levels, and higher scl relative to baseline. the observed higher relative overall arousal levels during baseline may reflect participants' failure to habituate quickly to the laboratory environment, which may have been anxiety-provoking. Indeed, participants endorsed feeling significantly more "nervous" on the state affect questionnaire at baseline than during all other epochs. With regard to the direct comparison between boredom and sadness, mean hR during the boring epoch trended toward being higher when compared with the sad epoch and was associated with a linear increase in hR over time, whereas sadness showed no such increase. Both boredom and sadness were associated with significant linear decreases in scl over time. these findings suggest that the peripheral aNs response associated with boredom is characterized by an increase in hR and a decrease in scl.
We also found a significant positive association between boredom proneness and hR such that higher levels of boredom proneness were associated with higher hR (Fig. 3) . Further, when the sample was split into hBP and lBP groups, during the boring mood induction, hBP participants had a significantly higher mean heart rate than lBP participants. this result is particularly striking given the fact that our sample was selected from a larger pool of participants to have BPs scores within one standard deviation of a larger sample's mean, reflecting a normative sample. One might suspect that individuals prone to experiencing boredom in a more extreme sense would show an even greater increase in hR. these findings suggest that the relationship between boredom and arousal/attention is likely modulated by the level of trait boredom proneness. that is, while the boredom induction made all participants feel equally bored, the hBP participants demonstrate an even larger concomitant increase in hR when bored. Perhaps, hBP individuals, although equally bored, find the experience to be more aversive or distressing than others or are more apt to lose focus and/or mind wander, resulting in the psychophysiological pattern observed here. also worth noting is that the relationship between boredom and arousal/attention may be modulated by the type of boredom proneness (as opposed to the level of boredom proneness as was examined here). While cheyne and colleagues (carriere et al. 2008; cheyne et al. 2006) found that lapses in everyday attention lead to the experience of boredom generally, further work has revealed that only those boredomprone individuals who demonstrate a high need for internal stimulation (e.g., those prone to experiencing a lower arousal or "apathetic" type of boredom) show such lapses in everyday attention (Malkovsky et al. 2012) . In contrast, boredom-prone individuals reporting a high need for external stimulation (e.g., those prone to experiencing a higher arousal or "agitated" type of boredom) show little evidence of such lapses in attention, but fail to adapt their behavior to errors of sustained attention on a laboratory task (Malkovsky et al. 2012) . With the small sample sizes tested in the current experiment, it was not feasible to explore the potential differences in the need for internal or external stimulation here. One might imagine that individuals who have a high need for external versus internal stimulation may also differ in their physiological response to boredom. Further research examining the nature of boredom proneness as predominantly focusing on either internal or external stimulation (i.e., boredom proneness type) with respect to both transient and sustained attention may further explain these relationships.
at first blush, the increase in hR and decrease in scl seen during the boredom induction appears paradoxical. Indeed, it makes little sense that boredom would be associated with both an increase and decrease in arousal. this pattern of responding, in which hR and scl responses diverge, is known as directional fractionation (lacey 1959) . In this context, our findings can be understood in relation to aNs-mediated regulation of effort and attention, as opposed to emotional regulation per se (Obrist et al. 1970; Öhman et al. 2000) . Research suggests that scl reflects the general engagement of attention, with lower scl related to decreased engagement of attention (Frith and allen 1983) . O'connell and colleagues (2008) recently reported increased skin conductance and improved accuracy on a sustained attention task only after attentional training. In contrast, reductions in sustained attention over time were associated with reduced scls (O'connell et al. 2008) . studies have also demonstrated a close relationship between attention and hR such that hR slows while attending (coles 1972; Papillo and shapiro 1990) . thus, although the current study does not have direct evidence of any decrement to attention during the boredom induction, our results are consistent with other research that shows similar psychophysiological patterns associated with impaired attentional performance (coles 1972; O'connell et al. 2008; Papillo and shapiro 1990) . Interestingly, the pattern of directional fractionation observed here for boredom (i.e., increased hR, decreased scl) has also been observed in individuals with attention-deficit-hyperactivity disorder (aDhD; hermens et al. 2004) , further supporting the association between boredom and attentional difficulties (Malkovsky et al. 2012) . Furthermore, in related research, we found a strong positive correlation between high boredom proneness and adult symptoms of aDhD (r = .59, p < .001; Merrifield and Danckert, in preparation). this association was even more robust than the correlation between boredom and depression in the same sample and suggests that boredom is associated with decreased attentiveness (Eastwood et al. 2013; carriere et al. 2008) . With respect to the cortisol findings, the boredom induction resulted in significantly higher cortisol levels than did the sadness induction, supporting the notion that boredom is associated with increased physiological arousal relative to sadness. this finding is also consistent with other research indicating that activation of the hPa axis often co-occurs with sympathetic activation and that negative emotional states can activate both systems (leDoux 1996) .
Overall, our results indicate that boredom, relative to sadness, can be described as a negative affective state associated with higher arousal (i.e., increasing hR and higher cortisol levels). alternatively, inducing sadness may decrease cortisol levels, or indeed, we may have observed a combination of both effects (i.e., sadness decreasing and boredom increasing cortisol levels). Regardless of which interpretation is correct, the distinction remains that boredom was associated with higher arousal relative to the negative control state of sadness. Furthermore, while attention was not directly examined here, there is good reason to suspect that boredom is also associated with decreased attentiveness (carriere et al. 2008; coles 1972; Eastwood et al. 2013; hermens et al. 2004; O'connell et al. 2008; Papillo and shapiro 1990) . Not only does this explanation account for the pattern of directional fractionation in hR and scl responses, but it also fits with the divergent subjective descriptions of boredom, in which individuals report being agitated yet unable to engage in meaningful activities (Martin et al. 2006) .
although the psychophysiological signature of boredom appears to be distinguishable from that of sadness, it is not yet clear what this might mean for the role of boredom in clinical syndromes such as depression and the relationship between these constructs. Indeed, although sadness is a prominent and important symptom of depression, sadness is a basic emotion, whereas depression represents a clinical disorder comprised of a number of cognitive, behavioral, and affective symptoms. additionally, although boredom seems to be associated with an overall increase in arousal compared to sadness, it is worth noting that this response was small in comparison to other more objectively arousing events. For example, research suggests that hR and scl associated with objectively arousing events such as the anticipation of giving a speech, or other psychological and physical stressors, tend to be higher (e.g., hR: 84-89 bpm, cortisol: 9-16 nmol/l) than the levels observed here (e.g., hofmann et al. 2005; lackschewitz et al. 2008; strahler et al. 2010) . thus, boredom may be less stressful or anxiety provoking than these other types of activities; alternatively, the changes observed here may not reflect distress per se, but rather agitation experienced during an episode of boredom.
Finally, results of the present study converge with other research suggesting that boredom is associated with attentional deficits (carriere et al. 2008; Pattyn et al. 2008) . Examining boredom with respect to both transient and sustained measures of attention in future research would shed further light on the nature of this aversive emotional experience. as boredom is associated with such adverse conditions as tBI, depression, addictive behaviors, and aDhD, investigating boredom in individuals suffering from these disorders may help us to better understand, identify, and treat these debilitating clinical syndromes. subjects (i.e., if the first video was 171 s in length, so too was the third video). Immediately after the video, participants filled out the sa questionnaire one last time. Each participant watched three video clips during a single laboratory session ranging from 20 to 60 min. the order in which the emotion-eliciting videos (the sad and boring videos) were presented was counterbalanced, while the neutral video was always shown in between the emotionally arousing videos. Each participant watched only one length of sad/boring video clip. In other words, the length of the video clip was administered as a between-subjects variable (tables 4, 5). 
